Construction safety performance in the past decade has stagnated where only marginal improvements have occurred. Past safety performance has been driven by lagging indicators including capturing safety data only after an illness, injury, or fatality occurred. A significant improvement can be realized through effective use of leading indicators, such as near miss data reporting, collection, and analysis. The primary objective is to identify best practices associated with a near miss reporting program for construction companies. A near miss reporting program was created from results of a review of literature and investigating established near miss reporting programs of many construction companies. The created near miss reporting program was implemented on construction projects of companies that previously failed to collect near miss data. Project safety managers and workers were surveyed periodically throughout the duration of the construction project to capture benefits, limitations, lessons learned, and suggestions from the implemented near miss reporting program. Results indicate near miss data can be reported, collected, and analyzed by construction personnel. Research deliverables including near miss reporting program guidelines, reporting flowchart, employee orientation presentation, and reporting materials can be used to implement a near miss reporting program or enhance an existing program for construction companies.
INTRODUCTION
The construction industry continues to experience a high number of workrelated fatalities when compared to other industries in the U.S. (BLS 2013a) . Construction companies are required to document work-related accidents resulting in injury and illness of employees (BLS 2013b) , but other safety leading indicators such as near misses are not recorded. Historically, safety performance is determined by lagging indicators such as number of illnesses, injuries, or fatalities that result from an unsafe act or hazard. Unlike lagging indicators, safety leading indicators (including near misses) are measurements of processes, activities, and conditions that define performance and can predict future results (Hinze and Hallowell 2012) . The U.S. Department of Labor defines a near miss as an incident where no property damage and no personal injury sustained, but where, given a slight shift in time or position, damage and/or injury easily could have occurred (BLS 2013a) . Currently the Occupational Safety and Health Administration (OSHA) does not collect and analyze near miss data (BLS 2013b) .
A review of research concerning near miss reporting was completed including near miss reporting programs in other industries such as manufacturing, firefighting, and medicine as well as construction. Specific components of near miss reporting programs of construction companies were investigated. An initial phase of interviews of construction personnel within companies that have near miss reporting programs are executed. Generated data from these construction personnel interviews were analyzed and used to create guidelines for a near miss reporting program. Best practices for near miss reporting programs were also identified after the initial interview phase. The near miss reporting guidelines were implemented on active construction sites and monitored over a six month period in which safety personnel located on the construction site were periodically interviewed. This second evaluation phase allowed for test, modification, and ultimately validation of the created and implemented near miss reporting guidelines. A tool for evaluating the status of an existing construction near miss reporting program is presented based on the identified best practices for construction company near miss reporting programs. Recommendations for future work in near miss reporting for construction are also discussed.
LITERATURE REVIEW
This review presents an overview of near miss definitions, near miss data recording and reporting, as well as a look into near miss recording in other industries including: the chemical process industry, energy, firefighting, manufacturing, medical, military and airline. Although the literature presents near miss statistics in many different industries, this review will focus primarily on the construction industry.
Current State of Near Miss Reporting
After interviewing senior managers of various construction projects, one study found that near miss reporting had not been given the same consideration and importance as accident investigation (Gyi et al. 2010) . While the Bureau of Labor Statistics records accidents that actually occur, they record far less information regarding statistical data on near misses. The Bureau of Labor Statistics (CFOI 2012) recorded that for every 10,000 workers, there were 117 recordable cases where the injury or illness was nonfatal and required days away from work. Heinrich's Safety Pyramid (OSG 2009) states that for every 300 near miss occurrences, 29 minor injuries and one major injury occurs. This indicates that by identifying potential accidents, a company can greatly reduce the number of accidents that occur. Other derived theories from the Safety Pyramid including the Domino Theory and Loss Causation Models are categorized as linear causations models by many safety theorists (Toft et al. 2012 ) who suggest that accidents are results of a sequence of events that result in an incident.
Near Miss Definitions
Definitions of near misses vary from company to company, and between industry sectors. Many attempts have been made to define a near miss including: a potential to, but does not result in harm (Phimister 2003) , an instantaneous event which resulted in the sudden release of energy and had the potential to generate an accident (Cambraia et al. 2010) , an incident or unsafe condition with potential for injury or property damage (Ritwik 2002) , and many others (Phimister 2000 , Williamsen 2012 , Bechtel 2009 ). Oil industry companies such as British Petroleum's Toledo refinery, has an incident investigating and reporting produce that defines a near miss as "an unplanned event where no loss occurs, but given a different set of circumstances, an actual loss through injury, damage to assets, environmental harm or business interruption could have occurred" (Durnwald 2012 ).
Near Miss Reporting Database
Similarly to other company specific programs, near miss reporting programs also vary from company to company. The most common method of near miss record keeping is through a secure online data base that allows for queries of industry specific criteria. These databases are comprised of information that is submitted voluntarily by the workers that are involved in the incident or by other workers who are merely witnesses. The information can be submitted to the online database anonymously or with the person submitting being identified but the majority of the literature reviewed involved information submitted anonymously. Dissemination of the analyzed information has been shown to dramatically increase both the number and quality of reports (Cambraia, 2010) .
Near Miss Reporting Across Industries
Some leading safety companies that perform construction are also reporting and analyzing near miss data (Bechtel 2009 , ConocoPhillips 2004 . Along with construction, near miss reporting has been found to be an effective management tool in other related industries. Statistically significant decreases of lost time injury rates in offshore drilling suggesting an increase in near miss reporting may lead to a 60% reduction in lost time injuries, and in onshore oil & gas programs, a near miss reporting rate of 0.5 near miss reports, per person, per year was correlated with a 75% reduction in lost time injuries (Phimister 2003) .
Annually, around 44,000 patients die as a result of medical errors (Henneman, 2004) . Perhaps this is the reason behind healthcare professionals, particularly doctors, are reluctant to report adverse events to their superiors (Lawton, 2002) . For a period of nineteen months beginning in 2001, researchers recorded errors related to transfusion medicine. The researchers recorded at total of 819 events and near-miss events. They concluded that of the 819 events, the median number of events per month was 51 and that overall, 61 of the events were potentially life threatening. The three most concerning events that were recorded were: samples collected from the wrong patient; mislabeled samples; and requests for blood for the wrong patient (Callum 2001) . Barriers and reporting incidents of nursing homes were also investigated (Wagner et al. 2006 ).
Other industries, such as manufacturing (Lander 2011) , the airline industry (CAA 2013) , and the chemical processing industry (Schaaf and Kanse 2004) utilize near miss reporting programs to improve performance. The latter study identified potential issues that cause employees to be reluctant to report near misses including: peer pressure, investigation style, direct disciplinary action, and unintended disciplinary action (Phimister 2003) . Other reason employees may be reluctant to report near-misses are that there may be lack of incentive to report (Schaaf and Kanse 2004) . While these industries have implemented various elements of near miss management programs, the construction industry has been slower to adopt near miss reporting (Cambraia et al. 2010) .
Although near misses can greatly improve safety performance measurement and potentially performance, no single measure of safety performance is optimal, but rather the entire safety picture generated by using all prescribed safety measures (Hinze and Godfrey 2003) . Best practices regarding near miss reporting are needed for the construction industry to motivate and guide near miss reporting programs within construction companies.
OBJECTIVE AND METHODOLOGY
The primary objective of this research is to identify best practices associated with near miss reporting programs including effective methods for collecting and assessing near miss information. Components of a near miss program including nuances between the many variations of the identification term and definition of a near miss will be examined. The research will develop an actionable definition of near misses or non-injury events, show how reporting can be a positive experience, describe how near miss data can be effectively systematically collected, analyzed, and managed. The research scope is confined to the construction industry; however experiences gained through the use of near miss reporting in other work settings in other industries will also be exampled. Only non-injury events and portions of safety programs addressing these events will be examined. Figure 1 shows the research methodology flowchart. The two phases of construction site personnel interviews are shown as well as the research deliverables resulting from findings of the interview. 
Construction Site Personnel Interview
Literature on near miss data collection and reporting methods were reviewed including construction and non-construction applications. Industries and organizations such as firefighting, airlines, manufacturing, chemical processing, energy production, the U.S. military, and the medical field have found value in reporting near miss events. Some construction companies also understand the benefit of reporting near misses on construction sites (Bechtel 2009 , ConocoPhillips 2004 . These industries and individual companies provided near miss reporting program material, definitions of near misses, and process of information flow for reporting and analyzing near miss information.
Finding of this review effort were used to identify evaluation criteria for near miss reporting projects. Various interview questions were created from the review for construction safety managers, field supervisors (foremen), and laborers on active construction sites. The created interview questions inquired about information regarding the following: 1) Company Information: Safety record (OSHA Recordable Injury Rate), annual revenue, number of employees, and services provided 2) Project Information: Total cost, percent complete, safety record, cumulative work hours, first aid incidents, number of safety personnel and first line supervisors 3) Near Miss Reporting Program: Initiating party, near miss definition, flow of near miss information, investigation strategy, number of reported near misses, overall perception of the program, description of all aspects of the program Participating project personnel were of companies and construction projects that claimed to have implemented a near miss reporting program. A total of 47 interviews (21 phone interviews and 26 site visits) of different construction sites were executed to compile data about existing near miss reporting programs. For each interview, one safety manager, two crew supervisors, and two workers were questioned. The country and region of the interview projects are listed in Table 1 . The interview project locations and number were limited to the available active construction projects with near miss reporting programs affiliated with a research team member. The quantitative and qualitative data compiled from the interviews were analyzed to develop preliminary conclusions regarding ways of implementing and monitoring effective near miss programs within construction companies. A preliminary set of guidelines for an effective near miss reporting program was created based on the review and interview analysis results.
Monitoring and Intervention Projects
After the initial interviews, a group of twelve active construction sites (not including in the first interviews) were selected for further evaluation in a longitudinal study. Five of these projects were considered "intervention" projects because they fully implemented the near miss reporting program guidelines discussed in the previous section. The other seven construction projects were categorized as "monitoring" projects because they previously implemented a near miss reporting program and adapted portions of the newly created guidelines. Periodic reviews approximately every two weeks for six months were conducted with a safety supervisor on each project. Questions posed during this interview inquired about the project's safety performance, number of near misses reported, and comments concerning the program including experienced benefits and limitations. Results of these interviews will identify best practices and obstacles associated with near miss reporting programs as well as test and validate the research findings using previously identified metrics.
RESULTS
Results of the construction site personnel interviews, literature review, and existing near miss reporting programs were used to create best practice guidelines for a near miss reporting program, a process framework for information flow of near miss reporting, and a near miss reporting program evaluation tool. The guidelines for a near miss reporting program include general program information, general definition of a near miss, flow of information, dissemination of knowledge, near miss report checklist, near miss database, employee training, encourage reporting, and investigation. For example, guidelines in the database section detail that databases should be centralized and contain controlled permissions so that workers have readonly access to reported near misses. The near miss reporting guidelines address specific issues of each category based on the results of the construction personnel interviews.
Near Miss Reporting Methodology
Results from the data analysis effort were used to create a process framework for information flow of a reported near miss. Figure 2 displays the flow of information and Table 2 gives a description of each step. Step Title and Description 1.
All construction site personnel are trained on all aspects of the near miss reporting program 2.
A worker trained in identifying reports a near miss 3.
After observing, a worker reports the near miss on the reporting form and/or informs his/her immediate supervisor 4.
The worker and safety personnel decide if no action is taken to fix the situation, will a continued immediate danger exist? 5a.
If an immediate danger exists, the safety personnel and worker will first take immediate action to eliminate the danger 5b.
If an immediate danger does not exist or has been corrected, the safety personnel determines the severity (weighted score) of the reported near miss 6.
The severity of the reported near miss is determined from a previously established weighted scale 7a.
Safety personnel, supervisors, and the reporting worker review the report and visit the location of the reported near miss 7b.
The investigation team identifies hazards associated with the reported near miss and develop a corrective action plan 8.
Create a report detailing the findings of the near miss investigation and corrective action plan 9.
Safety personnel using the investigation findings and corrective action plan will correct the current conditions 10.
Findings of the investigation and corrective actions taken are reported to all site personnel at scheduled meetings 11.
Findings are integrated into existing safety training for workers
Near Miss Reporting Evaluation Tool
A stepwise regression was completed based on the quantitative results of the construction site personnel interviews. The regression performed at a 95% confidence interval gave a p-value less than 0.0001, an adjusted r-squared value of 0.89, and a standard error the estimate was 17.46. This regression provided weights of coefficients for the near miss reporting evaluation tool. The dependent variable for the regression was near misses reported per cumulative work hour to normalize the various sizes and scopes of construction sites interviewed. Of the variables evaluated, the following collectively statistically explained 26% of the correlation with near misses reported per cumulative work hour: 1) Reported first aid incidents, 2) near misses investigated, and 3) number of craft workers on the construction site. Table 3 shows all the evaluated coefficients and their corresponding weights based on the results of the construction site personnel interviews. A tool was created to evaluate an existing near miss reporting program. Other variables not included in the survey are also taken into account and weighted appropriately such as the reporting method, incentives for safety performance, strategy for safety training, and possible experiences barriers of workers reporting near misses. The evaluation tool allows user to input various information about their near miss reporting program and receive a score based on findings of this research. The tool informs users of "needs" areas in which suggested modifications to the program are provided.
CONCLUSIONS
The construction industry desires to eventually obtain an accident free jobsite including a zero fatality rate for each construction project. Current industry standards require the measurement and recording of lagging indicators such as illnesses, injuries, and fatalities which only provide safety performance measurement after an incident occurs. Identifying, reporting and analyzing safety leading indicators including near misses has shown to enhance abilities to identify hazards, safety training, and performance metrics. The preliminary results of this research indicate that near miss situations can be recorded and analyzed through an effective near miss reporting program.
A review of existing near miss reporting programs in construction companies and other industries was completed. Further investigation was conducted on specific components of near miss reporting programs including the definition of a near miss, reporting strategy, and flow of information. Several construction personnel interviews of active construction sites with a near miss reporting program were conducted. A second phase of interviews periodically surveyed active construction projects that implemented the suggested near miss reporting guidelines. Interview results were used to create best practice guidelines for a near miss reporting program, an information process flowchart for near misses, and an evaluation tool for existing near miss reporting programs. Limitations of the program were largely identified in barriers to reporting such as worker's fear of retaliation or lack of motivation for reporting.
Future work includes automatically reporting and analyzing near miss data from an active construction site. New safety concepts and training can evolve from the analysis of near miss data collected from a construction project. Workers can be trained on existing hazards on the site from reported near misses before an accident occurs.
